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577 ~  ABSTRACT

" This invention is a circuit for the generation of 2"-step :
- digital signals from n-binary signals which are respec-
. tively supplied to the input of emitter followers which -
.~ are connected with a first multi-emitter transistor,

whereas inverse binary signals are respectively supplied
to the input of another set of emitter followers which
are connected to a second multi-emitter transistor. The
emitter connections of both multi-emitter transistors are
also respectively connected through stepped current

- sources to an operating potential. The base connections

of the multi-emitter transistors are connected to a refer-
ence potential through a common resistor. The collec-

‘tor connections of the multi-emitter transistors are con-
- nected to load resistors and serve as output connections.

- The circuit is particularly suited as a binary multi-stage

converter for employment in PCM systems of a very

o hlgh blt rate.

" '_ 6 Clé.i_ms, 3 Drawing Figures
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DIGITAL TO ANALOG CONVERTER USING
MULTIPLE EMITTER TRANSISTORS

- BACKGROUND OF THE INVENTION
1. Field of the Invention ' '

4,214,235

| 2 _
value, where n is the respective number associated with
each emitter of the multi-emitter transistors.

A second embodiment of the invention dispenses

- with transistor current sources and utilizes a series of

3

The present invention relates to circuits for the gener- |

ation of step digital 31gnals from blnary SIgnals of a very
high bit rate.

2. Description of the Prior Art

The optimum use of the capacity of a transmission

10

channel requires adaption of the signal to be transmitted -

to the signal/noise ratio in the transmission channel and
- to the band width of the channel. If a coaxial cable is
- employed as the transmission medium, then the path
attenuation is approximately proportional to the square
root of the signal frequency. Thus, with increasing
- transmission band width, the signal/noise ratio de-

~~ ‘creases quite quickly. The optimum exploitation of a

digital signal is possible when the signal is transmitted
not in binary form, but rather in the form of a signal
with a plurality of amplitude steps, a socalled multi-step

15

high ohmic resistors as current sources having resis-
tance values which are stepped in powers of 2.
It is accordingly an object of the present invention to

provide a circnit of the type described which combines

a very low feedback of input signals with a weighting

having minimal imprecision which is useable with bi-

nary inputs in any range, 1nclud1ng the range of several

hundred Mbit/s. - -
It 1s another object of the present invention to pro-
vide a circuit of the type described which is composed
only of transistors and resistors, thereby facilitating
production using integrated circuit technology.
Another object of the present invention is to provide

- acircuit of the type described which is adaptable for use

20

signal. As a rule, the number of steps selected for such

signals 1s chosen so that the channel capacity becomes a
maximum as the product of the resultant signal/noise
ratio and the band width.

Circuits known in the art for the generatlon of such
- mulii-step signals from binary inputs generally employ
the technique of weighted addition, making use with
very high bit rate inputs, in the range of at least a few
hundred Mbit/s difficult.

Circuits known in the art employmg the techmque of

weighted addition of binary signals encounter special
difficulties with binary signal inputs in this range. At
such a bit rate, exact weighting becomes difficult and
the elimination of feedback so as not to affect the addi-
tion is also a problem. Circuits useable with lower bit
rates can, therefore, not be readily adapted to use w1th
bit rates in the hundred Mbit/s range.

SUMMARY OF THE INVENTION
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with other logic circuitry in which the most positive
potential of the bmary input signal is allocated to the

'10glcal one state.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a circuit for the generation of 27-step digital
signals from n binary input signals constructed in accor-
dance with the principles of the present invention.

FIG. 2 is an embodiment of the circuit of FIG. 1 for
the generation a four-step digital signal from two binary
input 51gnals, utilizing resistors for current sources.

FIG. 3 is a graphic representation of possible inputs
for the circuit of FIG. 2, and the corresponding output.

DESCRIPTION OF THE PREFERRED
- EMBODIMENTS

A circuit for the generation of 27-step digital signals
from n-binary signals is illustrated in FIG. 1. The circuit
contains a first multi-emitter transistor T1 and a second

- multi-emitter transistor T2. The base connections of T1

- 40

A circuit for the generation of digital sngnals froma

- high bit binary input with a high degree of accuracy
~ generates 22-step digital signals from n-binary input
- signals. Such generation is inventively achieved by use
- .of first and second multi-emitter transistors each having
n emitter connections. The base connections of the two
- multi-emitter resistors are connected to a reference

45

_potential through a common resistor. The collector

~connections of each of the multi-emitter transistors are
~ also connected to the reference potential, however,
- such connections are separately made through respec-

tive resistors. The collector connection of the first mul-

- ti-emitter transistor is connected to an output, and the
- emitter connections of both multi-emitter transistors are
respectively connected both with an operating voltage
through a current source, as well as with the output

- connection of one of n emitter followers connected to

the signal inputs. The emitters of the second multi-emit-

- ~ter transistor are also respectively connected to n emit-

- ter followers each connected with a signal input. The
- signal input to the n emitter followers connected to the

50

and T2 are connected, and are connected to a reference

voltage V, through a common resistor R1. The collec-

tor of transistor T1 is connected to the reference volt- o
age V, through a resistor R2, and the collector of the

transistor T2 is connected to the reference voltage V,
through a resistor R3. -
Each of the multi-emitter transmtors Tl and T2 has n

emitters. The first emitter connection for transistor T1

is designated 11, and the last emitter connection for

‘transistor T1 is designated nl. The first emitter connec-

tion for the transistor T2 is designated 12, and the last
emitter connection for that transistor is designated n2.
- Each of the n emitters of both transistors T1 and T2

~ are connected to an operating voltage —UB through
. respective current sources. Emitters 11 and 12 are con-

35

-second multi-emitter transistor is the inverse of the

| signal connected to the n emitter followers connected

‘with the first multi-emitter transistor.

65

Each emitter connection of the multl-enntter transis-

tors is respectively connected to a current source which

nected to the voltage —UB through current sources
supplying a current I;. Each subsequent emitter of both
the transistors T1 and T2 is connected to the operating

voltage —UB through a current source supplying cur- .
- rent of a magnitude 2711 This much of the circuit of

FIG. 1 represents a base-coupled differential amplifer

with current sources.

- In addition, each of the emltter connectlons of both

the transistors T1 and T2 are connected to the emitters
 of preconnected emitter followers, one follower for -
each emitter of the transistors T1 and T2. | :

As shown in FIG. 1, the emitter follower assoc1ated

~ with the emitter 11 of the transistor T1 is designated T3,

- provides a current which is 27—1 times an initial current

and has an input signal E1 supplied to the base of the
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transistor T3, and a collector connected to the reference
voltage V,. The emitter nl of the transistor T1 is con-
nected to an emitter follower TS which has an input En
supplied to its base; and which also has a collector con-
nected to the reference voltage V..

Similarly, the emitter 12 of the transistor T2 is con-

nected to an emitter follower T4, which has an input E1

supplied to its base. The input E1 is the inverse of the

~input E1. The collector of the emitter follower T4 is

~ also connected to the reference voltage V,. The emitter

n2 of the transistor T2 is connected to an emitter fol-
lower T6, which has an input En supplied to its base,
and a collector connected to the reference voltage V,.

‘A weighting of the input signals stepped according to
powers of 2 is thus produced by means of the current
sources I; through 27—1I; connected to each emitter.
- Thus, the first input signal is weighted with 29I current,

10
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or simply I, and the n?input signal is weighted with the

- 2n—1], current. The weighted emitter currents of the

two multi-emitter transistors appear at the respective
collector connections, reduced by the base current,
which in this case is negligible. An output is prowded at
A from the collector of T1.
- A second embodiment of the circuit of FIG. 1 1s
shown in FIG. 2, utilizing only two binary input signals
to form a four-stage output signal which can be utilized
as the transmission signal for input to a coaxial cable
path. The circuit contains two multi-emitter transistors
T11 and T12 connected together in the manner of a
“base-coupled differential amplifier. The common base
- connection is connected to a reference voltage V.,
 through a resistor R11, and the respective collectors of
transistors T11 and T12 are connected to the reference
~ voltage V., through resistors R12 and R13.
- Four emitter followers are pre-connected to the emit-
ter connections of the two multi-emitter transistors T11
and T12. The emitter follower T13 has a base input E1,
~and a collector connected to the reference voltage V,,

20
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nals corresponds to the logical one state. The four-step
transmission signal can thus assume the values O, 1, 2
and 3, with the more positive potential allocated to the
higher value. As shown in the lower portion of FIG. 3
with the output A plotted on the ordinate and time
plotted on the abscissa. For the inputs shown in FIG. 3,
operation of the circuit of FIG. 2 is such as to provide
an output of 0 Volt for the value 3, and the values 2, 1
and O are represented by more negative potentials.

In describing the operation of the circuit of FIG. 2,

let it be first assumed that both input signals E1 and E2
are in a logical zero state. Thus, both emitters of the

multi-emitter transistor T11 are at a comparatively neg-
ative potential, so that both emitters of that transistor
are conducting. Because the inputs E1 and E2 to emitter
followers T14 and T16 are the inverse of signals E1 and
E2, both emitters of the multi-emitter transistor T12 are

‘non-conducting.

The currents thus added at the collector of the multi- -
emitter transistor T11 represent the maximum current
through this resistor, so that lowest potential, corre-

sponding to the value logical zero, is generated at the
collector resistance R12.

If the input signal level E1 now changes to a logical
one value, then the smaller of the two emitter currents
of the -multi-emitter transistor T11 is blocked. A more
positive potential which corresponds to the value logi-
cal one then arises at the collector of this transistor.
Moreover, an emitter of the multi-emitter transistor T12
is now also conductive, since E1 is at a value of logical
zero. Charges in the base zone of the transistor T11
allocated to the current I are directly transmitted to the

- base zone of the transistor T12 upon this change-over

35

~and the emitter follower T1S has a base input E2, and

also has a collector connected to the reference voltage

Vi

~ The emitter follower T14, connected to the emitter of
the transistor T12 has a base input E1 and a collector

 connected to the reference voltage V,. An emitter fol-

lower T16 has a base input E2 and a collector con-

‘nected to the reference voltage Vr. As in FIG. 1, the

“inputs E1 and E2 are resPectwe Inverses of the signals
E1 and E2. |

- In place of the current sources as shown i in FIG. 1

'whlch are connected to the emitters of the multi-emitter

- transistors, the embodiment of FIG. 2 utilizes resistor

~ pairs which are correspondingly dimensioned, desig-
nated R14 and R1S, and R16 and R17. As an example,

~ the resistors R14 and R15 may have resistance values of

200 ohms, and the resistors R16 and R17 may have

- resistance values of 100 ohms so that the corresponding

‘emitter currents of I and 21 result. The only requirement

~ 1s that the resistor values for R16 and R17 be nne-half of
-_the values for R14 and R1S. |

- - For matching to a coaxial cable connected to an out-

"~ put A, the resistors R12 and R13 may be 75 ohms, and

-~ resistor R11 may be 8.7 kohm.

‘Operation of the circuit of FIG. 2 will be descnbed

40

45

30

335

process, so that there follows a very quick change-over
of the current from one emitter of the transistor T11 to
the corresponding emitter of the transistor T12. This
quick change-over of the emitter currents is made possi-
ble by the fact that saturation of the transistors T12 and
T11 is avoided.

If, after a change-over of the input signals, the first
input signal E1 is at the value logical zero and the sec-
ond input signal E2 is at the value logical one, then the
larger emitter current of the transistor T11 is transmit-
ted to the transistor T12. The potential at the collector
at the transistor T11, in contrast to the preceding case,
now becomes more positive and the value loglcal two
occurs at the output. |

If both input signals are at the value logical one, then
the transistor T11 is completely non-conducting and the
potential at the collector connection of this transistor
now has its most positive value corresponding to an
output signal of a value logical three.

‘For the compensation of varying amplification prop-
erties which may result if the multi-emitter transistors

~ have not been specially selected, it is possible to reduce

or increase the emitter resistors serving as current
sources as may be required. It is also possible to tap the

- inverse output signal from the collector connection of

60

the second multi-emitter transistor, T2 or T12, for driv-

ing further symmetrical differential amplifiers.

- Although modifications and changes may be sug-

 gested by those skilled in the art, it is the intention of the

utilizing the inputs E1 and E2 as graphlcally shown in

'FIG. 3. Inputs E1 and E2 are not shown in FIG. 3,
however, it will be understood that those inputs are

-simply respective inverses of E1 and E2. It 1s assumed |

- that the more positive potential in the binary input sig-

65

inventor to embody within the patent warranted hereon

all changes and modifications as reasonably and prop-
erly come within the scope of the mventor S contrlbu— |
tion to the art. _- - -

I claim as my invention:-



S

1. A circuit for the generation of 27-step digital sig-

nals from n-binary signals of a very hlgh bit rate com-

prising:

a base-coupled differential amplifier having first and
second multi-emitter transistors each having n
emitters respectively connected to n emitter fol-
lower transistors having base signal inputs, with
emitter follower transistors connected to said sec-
ond multi-emitter transistor having base signal in-
puts which are the inverse of the base signal inputs
for corresponding ones of said emitter follower
transistors connected to said first multi-emitter
transistor;

two sets of n current sources respectively associated
with each multi-emitter transistor, one current
source interconnected between each multi-emitter

~transistor-emitter follower transistor connection
and an operating potential, and each set previding
currents which are 27—! times an initial current
value with a lowest-value current source from each
set respectively connected to a first emitter of each
multi-emitter transistor and the remainder of said
current sources respectively connected to corre-
sponding emitters of said first and second multi-
emitter transistors; and

4,214,235
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an output tap connected to the collector of said first

multi-emitter transistor.

2. The circuit of claim 1 wherein each current source
set is comprised of n resistors having respective resis-
tances which are 27—1 times an initial resistor value.

3. The circuit of claim 1 wherein a logical one condi-
tion is allocated to the more positive potential of the
binary input signals.

4. A circuit for generating 27-step digital signals from
n-binary signals of a very high bit rate comprlslng |

a source of reference potential; =~

a source of operating potential;

30
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first and second multi-emitter transistors each having -
n emitters and having their respective bases con-

nected to said reference potential through a com-
mon first resistor, and having their respective col-
lectors separately connected to said reference po-
tential through respective second and third resis-
tors, and said collector of said first multi-emitter
transistor tapped for output;

2n emitter follower transistors, each having an emit-
~ ter connected to a respective one of said first and

second multi-emitter transistor emitters, each hav-
ing a collector connected to said reference poten-
tial, and emitter follower transistors which are
connected to said first multi-emitter transistor re-
ceiving one of a first set of n input signals at their
respective bases, and emitter follower transistors
which are connected to said second multi-emitter
transistor receiving one of a second set of n input
signals at their respective bases which is the inverse

of said first input signal set; |

two sets of n current sources respectively associated

with each multi-emitter transistor, one current

source interconnected between each multi-emitter

transistor-emitter follower transistor connection
and said operating potential, and each set providing
currents which are 27—1 times an initial current
value, with a lowest-value current source from
each set respectively connected to a first emitter of
each multi-emitter transistor and the remainder of
said current sources respectively connected to cor-
responding emitters of said first and second multi-
emitter transistors. |

5. The circuit of claim 4 wherein each current source
set is comprised of n resistors having respective resis-

35 tances which are 27—1 times an initial resistor value.
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6. The circuit of claim 4 wherein a logical one condi-
tion is allocated to the more pos;ltwe potential of the
bmary input signals.
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